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(54) Methods and apparatus for call handover between cfifferent mobile radio networks 

(57) In a method for handing over a call from an initial communications network to a target communications 
network, a call is established between a mobile subscriber unit (12) and the initial communications network 
(10 or 1 1) using a first identification number allocated to that unit in the initial network. A desire to handover to 
the target network is identified and a new link in the target network (1 1 or 10 respectively) is established using 
a second identification number allocated to the unit (12) in the target network. 
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METHODS AND APPARATUS FOR CALL HANDOVER BETWEEN 
DIFFERENT MOBILE RADIO NETWORKS 

Field of the Invention 

5 

This invention relates to the field of mobile radio and methods of inter- 
network call handover, for handing over a call from an initial 
communications network to a target communications network. It also relates 
to mobile radio apparatus. 

10 

Background to the Invention 

The trend towards increasingly software configurable mobile radio 
units, together with the growing desire to support continuous un- 
15 interrupted service provision between communications systems or networks 
(eg. UPT, PCS, UMTS) makes the ability to continue a call when crossing 
network boundaries increasingly important. 

Examples of such boundaries are between a public cellular operator 
and an indoor office wireless PABX, or between a public cellular network 
20 and a domestic cordless network, or between micro-cells and macro-cells 
supporting the same service provider. 

Summary of the Invention 

25 According to the present invention, a method of inter-network call 

handover is provided, for handing over a call from an initial co mmuni cations 
network to a target communications network, comprising the steps of: 
establishing a call between a mobile subscriber unit and the initial 
communications network using a first identification number allocated to that 

30 unit in the initial network, identifying that a handover to the target network 
is desired and establishing a new link in the target network using a second 
identification number allocated to the unit in the target network. 

The step of establishing the new link may comprise providing the 
initial network with the second identification number and initiating a request 

35 to establish a call to the unit in the target network using the second 
identification number. 

Thus the invention provides simultaneous operation by a mobile unit 
on two networks and the automatic invocation of existing or new network 
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services to transfer the call, which gives rise to the benefit of call 
continuation with little disruption, which is a feature not available today. 

The boundaries of a network are defined by its addressing domain. A 
unit or node that is able correctly to understand the addressing domain of a 
5 network is part of that network. The invention enables call handovers 
across these boundaries. 

The request to establish a call to the unit in the target network is, in 
one embodiment, a call transfer request, that is to say a request to 
implement an operation by which an established (Le. active) call is 

10 transferred to a third party, where the user served by the call transfer 
operation is either a called or a calling party. In this embodiment, the 
"third party" may appear to the initial network as a third party, while in 
fact the third party is the same mobile subscriber unit identified by a new 
identification number allocated to that unit in the target network. 

15 To perform a call transfer, a known supplementary service defined by 

CCITT can be used. 

In an alternative embodiment, the second identification number is pre- 
provided to a predetermined node in the initial network, for example a 
"home" base station or a cordless (i.e. short-range, dedicated or private- 

20 shared) base station, and the step of initiating a request comprises providing 
a signal from the mobile subscriber unit to the predetermined node 
requesting a handover to the mobile subscriber unit identified by the second 
identification number. This embodiment is particularly useful where a call is 
initially set up to or from the home base station or cordless base station and 

25 the subscriber moves away from that location while the call is in progress. 

A benefit of this aspect of the invention is that the predetermined node 
can be established in a network which has lower call tariffs and the 
arrangement provides a mechanism for handing over from that network or to 
that network under the user's control, thereby enabling the user to take full 

30 advantage of the lower call tariffs. 

The predetermined node should have two communications channels 
(e.g. telephone lines) in addition to its communication channel to the mobile 
subscriber unit. While the call is ongoing on one of these channels, the 
predetermined node can use the other channel to set up a path of 

35 communication to the target network, which in turn establishes radio 
communication with the mobile subscriber unit. 

In a further aspect of the invention, a method of inter-network call 
handover, is provided, for handing over a call from an initial communications 
network to a target communications network, comprising the steps of: 
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establishing a call between a mobile subscriber unit and a second party via 
the initial communications network and identifying a calling identification 
number for the second party, identifying that a handover to the target 
network is desired, establishing a connection to the second party through the 
5 target network using the identified calling identification number of the 
second party and terminating the call established via the initial network. 

To identify the calling identification number of the second party, 
standard railing party identification techniques can be used. 

In accordance with this aspect of the invention, a mobile radio is also 

10 provided comprising transmitter-receiver means for selectively setting up 
calls with first and second radio communications networks, subscriber 
identification means for storing identification numbers for said first and 
second radio communications networks, control means for controlling said 
transmitter-receiver means and for supplying to said transmitter-receiver 

15 means said identification numbers for establishing calls on said networks 
selectively, storage means coupled to said control means and handover 
triggering means. The control means are arranged to store an identification 
number of a second party in said storage means when a call is established to 
that second party via one of said networks and, responsive to said handover 

20 triggering means, to recall said identification number and establish a call to 
the party identified by said number via the other of said networks. 

In a yet further aspect of the invention, a method of inter-network call 
handover is provided, for handing over a call between a mobile 
communications unit and a second party from an initial communications 

25 network to a target communications network, comprising the steps of: 
associating the mobile communications unit with a first identification 
number allocated to the mobile communications unit in the target network 
and with a predetermined node in the target network; establishing a call 
between a mobile subscriber unit and the initial communications network 

30 using a second identification number allocated to that unit in the initial 

network; establishing a communication path between the mobile subscriber 
unit and the predetermined node in the target network via the initial 
network; establishing a communication path between the predetermined node 
in the target network and the second party; and linking, at the 

35 predetermined node, the two communication paths; identifying that a 

handover to the target network is desired; establishing a call to the mobile 
subscriber unit in the target network using the second identification number; 
and connecting, at the predetermined node, the mobile subscriber unit and 
the second party. 
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As a further step, the communication path between the mobile 
subscriber unit and the initial network is preferably released, as is the 
communication path between the predetermined node and the initial 
network. 

5 This aspect of the invention can be considered a corollary of the 

second embodiment of the first aspect of the invention, in that it is 
particularly applicable where the predetermined node is located in the 
target network, for example in the case where the predetermined node is a 
cordless base station, it is applicable to roaming inwards towards that base 

10 station. 

Preferred embodiments of the invention will now be described, by way 
of example only, with reference to the drawings. 

Brief Description of the Drawings 

15 

Fig. 1 illustrates two networks and a method of handover 
therebetween in accordance with a first embodiment of the invention. 

Fig. 2 shows details of the mobile radio of Fig. 1. 

Fig. 3 shows signals transferred between the mobile radio of Fig. 1 
20 and the two networks of Fig. L 

Fig. 4 gives a more specific example of the networks of Fig. 1 for the 
purposes of explanation of the signals of Fig. 3. 

Fig. 5 illustrates two networks and a method of handover 
therebetween in accordance with a second embodiment of the invention. 
25 Fig. 6 is a block diagram of a cordless base station operating as a hub 

in accordance with a third embodiment of the invention. 

Fig. 7 illustrates two networks and a method of handover 
therebetween in accordance with the third embodiment of the invention. 

30 Detailed Description of the Preferred Embodiments 

The generic problem of handover between two networks is illustrated 
in Fig. 1 . 

In Fig. 1, two mobile radio networks are shown, 10 and 11. As. an 
35 example, network 10 may be a cellular radio network (eg. GSM) and 
network 11 may be a domestic cordless system or a wireless PABX. 
Operating on these networks is a mobile radio 12 having GSM radio and 
software elements 13 and cordless radio and software elements 14. 
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The GSM radio and software elements 13 include a subscriber 
identity module with a identification number assigned to the mobile radio 
user by the operator of network 10 and the cordless radio and software 
elements 14 include an identification number assigned to the mobile radio 

5 user by the operator of network 11. These numbers are selected from the 
different addressing domains of the different networks 10 and 11. 

The networks 10 and 11 are connected to each other via a third 
network 15, for example a public switched telephone network (PSTN) or an 
integrated digital services network (ISDN), which additionally connects 

10 networks 10 and 11 to second party equipment, for example a wireline 
telephone 16. Reference will be made in this description to the equipment 
16 being a "telephone", but it should be understood that equipment 16 could 
be almost any telecommunications destination, including a mobile radio 
telephone or a fixed or mobile data terminal. 

15 Network 15 supports the supplementary service "Call Transfer", 

described in CCITT Volume HI, Fascicle IH.7 "Integrated Services Digital 
Network General Structure and Service Capabilities", Recommendations 
L110-L257 of November 1988. 

Prom that document, the general principle of call transfer is as 

20 follows. The Call Transfer supplementary service is subscribed to by prior 
arrangements with the service provider. Subscription can be made for 
"Normal Call Transfer" and/or for either of the alternate procedures (ie. 
"Single-Step Call Transfer" or "Explicit Call Transfer") offered by the 
service provider. 

25 A served user, user X, can transform an established call with user Y 

into (effectively) a call from user Y to a third party, user Z. When the 
served user (user X) asks the service provider to begin the "Normal" Call 
Transfer, the service provider puts the already established call (with user Y) 
on hold. User X then proceeds to establish the second call (to user Z). Upon 

30 request from user X to complete the Call Transfer, the service provider 
would connect users Y and Z together while removing the connections 
between user X and the other two users. 

In the resulting call Y to Z, user Z will have all the relevant 
characteristics of the called party, but user Y will not necessarily have all 

35 the characteristics of the calling party, depending on whether user Y called 
user X and also depending on which service or supplementary service is 
under consideration. 

In some networks, user X can request completion of the Call Transfer 
either during or after the establishment of the connection to user Z. 
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The service provider will optionally notify users Y and Z of the 
transfer and, depending on interworking conditions and the supplementary 
services subscribed to by users Y and Z, will indicate to user Y the number 
of user Z and will indicate to user Z the number of user Y* 
5 Normal call transfer is statable for the purposes of the preferred 

embodiment of the present invention. 

It is not necessary that the call transfer service is implemented in 
network 15. It can instead be implemented in network 10. Call transfer is 
a supplementary service which exists in many communications networks 
10 today, for example GSM, DECT and TETRA. 

Details of the mobile radio 12 are shown in Fig. 2. The GSM radio 
elements 13 include a transmitter 30, a receiver 31 and baseband processing 
circuitry 32. A receive signal strength indicator (RSSI) 33 passes from the 
receiver 31 to the circuitry 32. A duplexer 34 connects the transmitter and 
15 the receiver to an antenna 35. the cordless radio elements 14 similarly 

include a transmitter 40, a receiver 41, baseband processing circuitry 42, an 
RSSI 43, a duplexer 44 and an antenna 45. 

Controlling both the GSM radio elements 13 and the cordless radio 
elements 14 is a microprocessor 50 having random access memory 52 and 
20 having a releasably connected subscriber identity module (SIM) 5 1. 

The SIM 51 contains separate identification numbers (IDs) for the 
GSM cellular radio system and the cordless system. Alternatively, two 
SIMs can be provided, or one SIM and one hard wired ID or more than one 
hard wired ED. 

25 While the mobile radio is shown as having separate receivers and 

transmitters for the two mobile radio systems, the same hardware elements 
may be usable for both systems, depending on the frequencies involved, the 
available switching times for switching between those frequencies and other 
factors. 

30 Referring to Figs. 1 and 2 together, the case will now be considered 

where, for reasons of deteriorating signal quality as indicated by RSSI 33 
(or some other quality measure), or merely reasons of differential call 
charges, the user of the mobile radio 12 , while in communication with the 
second party 16 via networks 10 and 15, wishes to hand over to network 11 

35 using the mobile radio's multimode capability. Such a handover/re- 
establishment can be triggered by a number of criteria or in a number of 
circumstances and the specific maimer of triggering is not relevant to the 
present invention. For example, the handover can be manually triggered 
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when the user knows he has entered the range of the domestic cordless 
system 11. 

The operation is as follows. Initially the mobile radio is 
communicating via system 10 (illustrated by arrow A). The mobile radio 
5 enters the range of network 11 and its cordless radio and software elements 
14 identify signals from network 11 (arrow B) and complete any necessary 
registration procedures. The mobile radio decides to trigger a handover, or 
is instructed to trigger a handover. The mobile radio automatically sends a 
command to system 10 (arrow C) indicating a "Call Transfer" request to 
10 transfer to the users network 11 address. 

This call transfer request includes the users network 11 ID (i.e. his 
PSTN telephone number in the case where network 11 is a cordless 
telephone network) retrieved from SIM 51. 

In the case of a GSM-to-cordless transfer, the ID is sent through GSM 
15 layer 3. The GSM switch interprets the message and may negotiate with 
the PSTN about performing the transfer. 

In the case of a cordless-to-GSM transfer, the PSTN recognises the 
GSM number and negotiates with the GSM network about performing the 
transfer. 

20 The network 15 commences execution of the call transfer request to 

the requested address. Since this is an address in network 11, network 15 
in effect establishes a communication path from telephone 16 to network 11 
(arrow DX Network 11 indicates to the mobile radio 12 that there is an 
incoming call for the mobile radio. The mobile radio automatically accepts 

25 the call from network 11 and the call between the mobile radio and network 
10 is dropped. 

An advantage of the arrangement is that no changes to the network 
are required to enable the handover. All of the new functionality is 
implemented in the mobile radio 12. 

30 The above procedure is described in more detail with reference to 

Figs. 3 and 4. In the example of Pig. 4, network 15 is an ISDN network and 
is referred to as network 220. Network 220 has a network switching 
function 214 with switching control function 216. 

The mobile radio 12 registers with the cellular system (network 10) 

35 by means of an exchange of signalling messages 101 and 102 (Fig.3). 

Additional signalling messages may be exch-xiged at this time, for example 
to perform mobile authentication, as may be done in GSM. A call is 
initiated on network 10 in step 103, using the protocols of network 10, 
between second part equipment 16 and mobile radio 12 (Fig.4). During this 
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phase of the call, points a and c are connected in the network switching 
function 214. 

The mobile radio 12 may handover between cells of network 10. At 
some point during the call, the mobile acquires and registers with network 

5 11 (steps 104, 105, 106). The mobile radio then sends a call transfer request 
to network 10 which contains the identification number allocated to the 
mottle radio unit in network 11. This is passed to the switching control 
function 216 of public network 220. The switching control function signals 
fiom node b to network 11 that there is an incoming call. Network 11 in 

10 turn pages the mobile radio (step 109) and the mobile radio responds (step 
110). At this point, the switching function 214 connects nodes a and b and 
may suspend the connection between nodes a and c The mobile radio then 
sends a "Clear Down" message 114 to network 10. At this point the 
switching function, under the control of the control function, connects nodes 

15 b and c and the call continues (116). 

Many situations can be considered where the method described is 
useful. For example a farmer with a cordless telephone system in his 
farmhouse may commence a call in the vicinity of his farmhouse and walk 
into his field, out of range of the cordless system. Provided that the farm is 

20 covered by a much larger cell of a cellular radio telephone system and the 
farmer has subscribed to that system, the call can be continued via the 
cellular system. 

As an alternative to "Call Transfer", the supplementary service "Call 
Waiting" can be used to implement inter-network handover. 
25 Call Waiting is also described in CCITT Volume HI, Fascicle m.7. 

For the implementation of this method it is necessary that the 
identity of the second party is known to the user of the mobile radio. This 
is the case if the call is initiated at the mobile radio or the call is initiated at 
the second party and calling party identification is available. It is further 
30 necessary for the second party to have the "Call Waiting" feature. 

The method will be described with reference to Figs. 2 and 5. In this 
figure, the same element as are present in Fig. 1 are shown with the same 
reference numerals. 

In operation, a call is set up between the mobile radio 12 and the 
35 telephone 16. This is illustrated by arrows G and H. At the time of setting 
up of this call, the telephone number of the second party (user 2) is stored in 
RAM memory 52 in the mobile radio 12. Storage of this number is initiated 
either by keying in the number at the mobile radio 12 (in the case of an 
outgoing call) or by microprocessor 50 extracting from baseband processing 
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circuitry 32 the telephone number of the calling party at the time of call set- 
up when that number is identified to the baseband processing circuitry 32 
through calling party identification (in the case of an incoming call). 

During the call, network 11 is identified by mobile radio 12 and a 

5 handover requirement is triggered (as before). The telephone number 

previously stored is retrieved from memory 52 and passed by microprocessor 
50 to baseband processing circuitry 42 and a simultaneous call is 
automatically made to the second party (arrows J and K). The telephone 16 
or receives a call waiting indication from network 15. The second party 

10 using telephone 16 manually selects the new call and the mobile radio drops 
the call from network 10. 

The method described can be modified in a number of ways. For 
example, the second party equipment 16 can have two telephone lines 20 
and 21 as shown, in which case the selection of the second call by the second 

15 party using telephone 16 can be executed manually or made automatic 
within the equipment 16, rather than relying on the call waiting service 
within network 15. 

For example, if telephone 16 has a look-up table correlating the 
mobile user's network 10 ID and his network 11 ID, telephone 16 is in a 

20 position to identify that the waiting call is in fact from the same party as 
the call in progress and can then automatically choose to put the new call 
through to its handset. This intelligence can, of course, be located in 
network 15. 

As an alternative, telephone 16 could actually compare the audio 
25 signals on the two lines 20 and 21 and identify a correlation between them 
and select the new call when the correlation is sufficiently high to identify 
that the two conversations are the same. 

In a further, and in fact preferred, alternative the mobile subscriber 
unit 12 drops the call from network 10 and defaults to network 11. 
30 A third method of achieving inter-network call handover is now 

described, in which all calls are routed through a central hub or 
predetermined node. 

In this method, all calls to and from a mobile radio always pass 
through a common point or 'central hub' regardless of which network the 
35 mobile radio is using. This central hub must be capable of setting up a 
simultaneous call to an address on another network. 

An example of a central hub in the form of a cordless base station is 
shown in Fig. 6. it comprises a cordless base station transceiver part 60, 
logic circuitry 61, storage 62, for storing the users GSM ID, switch and line 



-10- 



control circuit 63 and first and second telephone lines 64 and 65. An 
antenpp 66 is connected to the transceiver part 60. 

An example of operation will be described with reference to Fig. 7. In 
this example, network 11 (or a predetermined node of network 11) is the 
central hub. Network 11 is, at least in the preferred embodiment, a 
domestic cordless telephone base station (illustrated as base station 111) 
with a two-line connection into the PSTN (network 15). All calls pass to and 
from the mobile 12 through cordless telephone base station 111. 

Considering first the case where the mobile radio 12 commences 
operation (arrow L) within range of the cordless base station 111 and moves 
out of range of that system but within range of the GSM cellular system 10 
(arrow M). When the need for a handover is identified, the mobile radio 12 
recognises GSM system 10 and executes a registration procedure on that 
system (if not already executed) and it informs the cordless base station 111 
that a handover to system 10 is requested and it supplies to the cordless 
system its GSM cellular telephone number (or this is pre-programmed in 
the cordless base station). The cordless base station 111 calls the user's 
cellular telephone number (arrow N). The mobile radio 12 automatically 
accepts the call from the cellular system. The previous cordless link between 
the mobile subscriber unit 12 and base station 111 is disregarded. In a 
simple system, it is not necessary to "hang up" from the cordless system; the 
cordless base station merely ignores traffic on its radio interface until a 
handover back to the cordless system is desired. 

For the process of handing over from network 10 to network 11, the 
following procedures take place. 

Considering first the case of a mobile initiated call. The mobile unit 
initiates such a call by first dialling the central hub, which then places a 
second call to the desired number which is supplied by the user. This 
process may be automated within the mobile subscriber unit 12. Since the 
call has been routed via the cordless basestation 111, when the mobile unit 
comes into range of the cordless base station 111, registration occurs and 
the base station 111 automatically delivers the call to the mobile radio 12 
using the cordless link (arrow L). The cellular telephone call (arrow M) is 
dropped from the cellular system 10 by the mobile or by the base station 
111. 

As a refinement to the method, to avoid inefficient call routing, the 
call may only be placed via the cordless base station 111 if the identity of 
the cellular network or a sub-network of cellular network 10 is such that a 
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handover to cordless base station 111 is likely, e.g. because the call is set up 
in a cellular radio network cell that is known to be the users "home" cell. 

In the case of incoming calls to the mobile radio 12, to enable handover, 
all calls must be routed via the cordless base station 111. The cordless base 

5 station 111, upon receiving an incoming call when the mobile radio 12 is not 
in the range of the cordless base station 111, sets up a connection to the 
mobile radio via the cellular network 10 using the mobile radio's cellular 
identity and connects the incoming call to the cellular connection. Handover 
will then occur in the same way as for mobile initiated calls. 

10 This arrangement has the advantage that the mobile radio user need 

provide callers with only a single telephone number for the user to be reached 
in either system. This number will be the address of the central hub or node 
of that user in system 11. All routing of calls to the user via the other system 
10 is performed by this central hub or node. 
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Claims 

1. A method of inter-network call handover, for handing over a call 
from an initial communications network to a target communications network, 

5 comprising the steps of: 

establishing a call between a mobile subscriber unit and the initial 
communications network using a first identification number allocated to that 
unit in the initial network, 

10 

identifying that a handover to the target network is desired and 

establishing a new link in the target network using a second 
identification number allocated to the unit in the target network. 

15 

2. A method according to claim 1, wherein the step of establishing 
the new link comprises providing the initial network with the second 
.identification number and initiating a request to establish a call to the unit in 
the target network using the second identification number. 

20 

3 A method according to claim 2, wherein the request is a call 
transfer request 

4. A method according to claim 2, wherein the second identification 
25 number is pre-provided to a predetermined node in the initial network and 
the step of initiating a request comprises providing a signal from the mobile 
subscriber unit to the predetermined node requesting a handover to the 
mobile subscriber unit identified by the second identification number. 

30 5. A method according to claim 4, comprising the initial step of 

establishing a communication path between the predetermined node and a 
second party, wherein the predetermined node establishes a communication 
path to the mobile subscriber unit via the target network, maintains the 
communication path to the second party and links the two communication 

35 paths. 

6. A method according to either of claims 4 and 5, wherein the 
predetermined node is a cordless base station. 
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7. A method of inter-network call handover, for han d ing over a call 
from an initial communications network to a target communications network, 
comprising the steps of: 

establishing a call between a mobile subscriber unit and a 
second party via the initial communications network and identifying a calling 
identification number for the second party, 

identifying that a handover to the target network is desired, 

establishing a connection to the second party through the target 
network using the identified calling identification number of the second party 
and 

15 terminating the call established via the initial network. 

8. A method according to claim 7, wherein the connection to the 
second party through the target network is established with a call waiting 
procedure prior to terminating the call established via the initial network. 

20 



10 
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9. A method of inter-network call handover, for handing over a call 
between a mobile communications unit and a second party from an initial 
communications network to a target communications network, comprising 
the steps of: 

5 

associating the mobile communications unit with a first identification 
number allocated to the mobile communications unit in the target network 
and with a predetermined node in the target network; 

10 establishing a call between a mobile subscriber unit and the initial 

communications network using a second identification number allocated to 
that unit in the initial network; 



establishing a communication path between the mobile subscriber unit 
15 and the predetermined node in the target network via the initial network; 



20 



25 



establishing a communication path between the predetermined node in 
the target network and the second party; and linking, at the predetermined 
node, the two communication paths; 

identifying that a handover to the target network is desired; 

establishing a call to the mobile subscriber omit in the target network 
using the second identification number; and 

connecting, at the predetermined node, the mobile subscriber unit and 
the second party. 



10. A method according to claim 9, comprising the further step of 
30 disconnecting the call between the mobile subscriber unit and the initial 
communications network. 



11. A method according to claim 9, wherein the predetermined node 
is a cordless base station. 
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12. A mobile radio comprising: 

transmitter-receiver means for selectively setting up calls with first 
and second radio communications networks, 

subscriber identification means for storing identification numbers for 
5 said first and second radio communications networks, 

control means for controlling said transmitter-receiver means and for 
supplying to said transmitter-receiver means said identification numbers for 
establishing calls on said networks selectively, 

storage means coupled to said control means and 
10 handover triggering means 

wherein the control means are arranged to store an identification 
number of a second party in said storage means when a call is established to 
that second party via one of said networks and, responsive to said handover 
triggering means, to recall said identification number and establish a call to 
15 the party identified by said number via the other of said networks. 
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